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This invention 


provides 


for 


a novel 


amplification procedure 


for 


nucleic 



acid. The method uses a wild type or mutant RNA polymerase designed to 
transcribe both deoxyribonucleotides and ribonucleotides. The invention 
provides for oligonucleotide primers that comprise in 
the following order from 5' to 3 ■ : a phage-encoded RNA polymerase 
recognition sequence, a spacer sequence comprising a 

sequence of from 12 to 20 nucleotides that consists of one nucleotide or 
two different nucleotide types, and a target complimentary sequence which 
can bind a segment of a target nucleic acid. The target nucleic acid can 
be ssDNA or comprised of RNA. The invention further provides a kit for 
amplifying a target nucleic acid, containing a wild type or a mutant phage RNA 
polymerase competent to incorporate dNTP and rNTP simultaneously into a 
template nucleic acid. 
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AB The 5 ' end of avian retrovirus RNA near the primer-binding site 

(PBS) forms two secondary structures, the U5- inverted repeat (U5-IR) and 

the US-leader stems, and contains a 7-nucleotide sequence that anneals to 

the T psi C loop of the tRNA(Trp) primer. Mutations that 

disrupt any of these base pair interactions cause defects in initiation of 
reverse transcription both in vivo and in vitro (D. Cobrinik, A. Aiyar, 
Z. Ge, M. Katzman, H. Huang, and J. Leis, J. Virol. 65:3 864-3872, 
1991; A. Aiyar, D. Cobrinik, Z. Ge, H.-J. Kung, and J. Leis, J. 
Virol. 66:2464-2472, 1992) . We have now examined the effect of perturbing 
the non-base-paired intervening "spacer" sequences 

between these secondary-structure elements. Small deletions or insertions 
in these intervening sequences decreased initiation of reverse 
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transcription in vitro. In contrast, base substitutions, which maintain 
the spacing distances between the structures, had no detectable effect. 
Additionally, a small deletion at the 3' end of the PBS caused a 
significant decrease in initiation of reverse transcription whereas 
substitution mutations again had no effect. Together, these results 
indicate that reverse transcriptase forms a complex in 
which the different structural elements are maintained in a specific 
orientation that is required for efficient initiation of reverse 
transcription. Specific sequence recognition of the duplex structures by 
reverse transcriptase is also required since mosaic RNAs 
that combine the human immunodeficiency virus type 1 PBS with avian 
sequences is not efficiently utilized for reverse transcription even 
though the primer used can anneal to the substituted PBS. 
The 5 ' end of avian retrovirus RNA near the primer-binding site 
(PBS) forms two secondary structures, the U5-inverted repeat (U5-IR) and 
the U5-leader stems, and contains a 7-nucleotide sequence that anneals to 
the T psi C loop of the tRNA(Trp) primer. Mutations that 

disrupt any of these base pair interactions cause defects in initiation of 
reverse transcription both in vivo and. . . H.-J. Kung, and J. Leis, 
J. Virol. 66:2464-2472, 1992). We have now examined the effect of 
perturbing the non-base-paired intervening "spacer" 
sequences between these secondary- structure elements. Small 
deletions or insertions in these intervening sequences decreased 
initiation of reverse transcription in vitro. In. . . a significant 
decrease in initiation of reverse transcription whereas substitution 
mutations again had no effect. Together, these results indicate that 
reverse transcriptase forms a complex in which the 

different structural elements are maintained in a specific orientation 
that is required for efficient initiation of reverse transcription. 
Specific sequence recognition of the duplex structures by reverse 
transcriptase is also required since mosaic RNAs that combine the 
human immunodeficiency virus type 1 PBS with avian sequences is not 
efficiently utilized for reverse transcription even though the 
primer used can anneal to the substituted PBS. 
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AB The single rRNA (rRNA) operon from the extremely thermophilic 

archaebacterium T. pendens was sequenced together with the immediate 
downstream tRNA genes and open reading frames on both DNA strands. The 
genes for 16S and 23S RNA were separated by a short spacer 
sequence and were not followed by a 5S RNA gene. Sites of 
initiation and termination of the rRNA transcript, and its processing 
sites, were localized by SI or mung bean nuclease mapping and by 
primer-directed reverse transcriptase anal. 

Initiation occurred primarily 187 nucleotides upstream from the 16S RNA 
gene, after an archaebacterial promoter and this was confirmed by a 
guanyltransferase capping experiment The transcript terminated inefficiently 
before a polypyrimidine sequence 45 nucleotides downstream from the 23S 
RNA gene. The 16S RNA leader sequence, the spacer region and the sequence 
downstream from the 23S RNA can generate extensive secondary structure, 
including the processing stems for the 2 rRNAs . Moreover, much of this 
structure is supported phylogenetically by coordinated base changes. It 
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is proposed that some of these double helical structures are involved in 
transcriptional regulation. The 16S and 23S RNA sequences were aligned 
with those of other organisms. Secondary structures were generated from 
the alignments which are characteristic of the extreme thermophiles . 
Moreover, phylogenetic trees were derived which placed T. pendens close to 
Thermoproteus tenax. The downstream tRNA genes and open reading frames 
each exhibited an archaebacterial promoter-like motif and a putative 
primary initiation site. Incomplete termination also occurred at 
polypyrimidine sequences. A 919-bp sequence between the 2 tRNA genes, 
which are located on opposing DNA strands, was rich in polypyrimidine 
sequences on both strands. Transcript mapping suggested that this 
constitutes a major termination region. 

The single rRNA (rRNA) operon from the extremely thermophilic 
archaebacterium T. pendens was sequenced together with the immediate 
downstream tRNA genes and open reading frames on both DNA strands. The 
genes for 16S and 23S RNA were separated by a short spacer 
sequence and were not followed by a 5S RNA gene. Sites of 
initiation and termination of the rRNA transcript, and its processing 
sites, were localized by SI or mung bean nuclease mapping and by 
primer-directed reverse transcriptase anal. 

Initiation occurred primarily 187 nucleotides upstream from the 16S RNA 
gene, after an archaebacterial promoter and this was confirmed by a 
guanyltransferase capping experiment The transcript terminated inefficiently 
before a polypyrimidine sequence 45 nucleotides downstream from the 23S 
RNA gene. The 16S RNA leader sequence, the spacer region and the sequence 
downstream from the 23S RNA can generate extensive secondary structure, 
including the processing stems for the 2 rRNAs . Moreover, much of this 
structure is supported phylogenetically by coordinated base changes. It 
is proposed that some of these double helical structures are involved in 
transcriptional regulation. The 16S and 2 3S RNA sequences were aligned 
with those of other organisms. Secondary structures were generated from 
the alignments which are characteristic of the extreme thermophiles. 
Moreover, phylogenetic trees were derived which placed T. pendens close to 
Thermoproteus tenax. The downstream tRNA genes and open reading frames 
each exhibited an archaebacterial promoter-like motif and a putative 
primary initiation site. Incomplete termination also occurred at 
polypyrimidine sequences. A 919-bp sequence between the 2 tRNA genes, 
which are located on opposing DNA strands, was rich in polypyrimidine 
sequences on both strands. Transcript mapping suggested that this 
constitutes a major termination region. 



